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" Environmental Engineering & Consulting

Wells Fargo Center
Suite 500
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Seattle, WA 98104-4012

Tel: (206) 624-0100
Fax: (206) 749-2200

April 30, 2002

Mr. John Smyth

Technology Assessment Program

King County Department of Natural Resources
King Street Center, M.S. KSC-NR-0512

201 South Jackson Street

Seattle, Washington 98104-3855 14-18398.004/1
Subject: Centridty™ Product Evaluation Project
Final Report

Dear Mr. Smyth:

Enclosed is the Final Report for the Centridry™ Product Evaluation Project. This
report documents the efforts of King County, Brown and Caldwell, and our
subconsultants (in particular E&A Environmental Consultants--now Tetra Tech), over
the last seven years in the evaluation of the Centridry™ technology and its potential
application to King County.

We believe that this project represents one of the most thorough biosolids processing
technology evaluations undertaken in our industry. Each of the following aspects of
this process has been considered in significant detail:

- Mechanical reliability;

- Process reliability and operability;

- Odor and air emissions;

- Cost to implement, operate, and maintain over time;

- Product quality and its viability in the Northwest biosolids marketplace,
including composting to Class A quality.

The results of the project indicate that there is no economic advantage to King County
to implement Centridry™ in the foreseeable future. Nonetheless, we believe that the
production of a diversified biosolids product (that is, biosolids that are drier and more
soil-like in texture compared to the dewatered cake produced at each of the County’s
regional treatment plants), may offer advantages to King County. Specifically, a
diversified product may allow King County to expand its market to mote users, which
could in turn yield significant savings in biosolids haul and application costs. If
biosolids market conditions change, we believe that Centridry™ should be
reconsidered for implementation.
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Mt. John Smyth
April 30, 2002
Page 2

We have genuinely enjoyed working with King County on this very interesting project.
We wish to express our appreciation to Bob Bucher, Lisette Nenninger, and Mike
Boyle for their tireless work in the in the coordination and hands-on operation of the
Centridry™ system and the various product tests and analyses conducted over the life
of the project. Likewise, we appreciate the assistance provided by South Plant staff
and King County’s Environmental Laboratory in this project.

Thank you for opportunity to work with you on this project. We are available and
interested in assisting in any follow-up activities associated with this evaluation.

Yours vety truly,

BROWN AND CALDWELL

%/W

Gary R. Newman, P.E.
Project Manager

GRN:sjw
Enclosute

|__EXPIRES 5/27/052 |
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SECTION 1

INTRODUCTION

Centridry™ is a biosolids dtying process developed by Humboldt-Decanter of Germany®. The
process uniquely combines centrifuge dewatering with flash air drying to produce a solids product
with 50 to 60 percent solids, and drier. A five-month demonstration project was completed in 1998
at King County's South Plant in Renton to evaluate the technology for possible implementation at
the West Point Treatment Plant (West Point) and/ot South Plant. In this report, the Centridry™
process is desctibed together with the potential advantages and disadvantages the process offers to
King County. The Demonstration Project is described including the test facilities, test plan and
procedures, and operating results. Data is presented on both the operation of the Centridry™
process as well as testing of the Centridry™ product in various potential beneficial use applications
(including composting to Class A standards). Additional product quality and product odor control
evaluation is also documented. Finally, three alternatives for full-scale implementation of
Centridry™ at South Plant are evaluated against use of conventional centrifuges for dewatering.

BACKGROUND

The Centtidry™ process was evaluated as part of King County's Applied Wastewater Technologies
Progtam (AWTP). The AWTP was developed in 1991 as patt of the West Point Treatment Plant
Settlement Agreement. This agreement, which resolved litigation related to permits for the plant
upgtade to secondaty treatment, established a $5 million program to identify and evaluate
technologies which offer the potential to further reduce environmental impacts at, and associated
with, West Point.

Centridry™ has the potential to address many of the issues of the West Point Settlement
Agtreement. It would significantly reduce truck traffic since West Point currently produces a
biosolid at 20 to 28 petcent solids. The success of such a strategy depends on the Centridry™
technology as well as additional processing requirements and market concerns.

Haul costs to curtent biosolids application sites could be significantly decreased by augmenting or
replacing cutrent dewatering technologies. Both King County regional facilities currently produce
Class B biosolids. West Point uses centrifuges, which produce 26 to 28 percent solids, while South
Plant uses belt filter presses, which produce dewatered cake with 16 to 22 percent solids; however,
the South Plant is in the eatly stages of a project to replace belt presses with centrifuges.

Another potential benefit of Centridry™ is the production of a biosolids product that composts
mote cost-effectively. Based on year 2000 estimates, King County currently sends about 7 percent
of its biosolids to 2 commertcial composter who produces a Class A product (“GroCo”)1. This
product is used enthusiastically by public and private landscapers and gardeners throughout the
greater Seattle Metropolitan area. Conversion of more biosolids to a Class A product could expand
local markets for biosolids recycling, which should reduce haul and application costs. Also,

2 Humboldt-Decanter is now a part of Baker Process. Baker Process retains matketing rights to the Centridry process
for potential implementation at the South Plant.
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1-2 Centridry™ Report

converting more biosolids to Class A would decrease the costs associated with oversight of a Class B
product.

King County’s Centridty™ evaluation program was designed to evaluate these potential benefits,
and the degree to which they can be achieved. The program included a site visit to operating
installations in Europe, construction and operation of a 4.5 dty metric ton (5-TPD) pet day
Centridry™ demonstration facility at South Plant, bin-scale and full-scale compost studies, and a
market evaluation of Centridty™ and composted biosolids using cutrent biosolids customers and
potential users. A follow-up study focused on Centridry™ product quality and controlling odors
observed when the Centridty™ product is stored for a few days.

EXPERIENCE IN EUROPE AND JAPAN

The first Centridry™ system started operating on digested sludge in 1993 at Gruneck, Germany.
Cutrently at least 18 other systems have been installed or are in design throughout Europe and
Japan. These include systems designed to operate on digested sludge as well as undigested sludge.
Table 1-1 provides a listing of Centridry™ systems currently in operation or design wotldwide. As
can be seen from the table, the Centridry™ process is being applied to many different types of
biosolids, with widely varying design critetia in terms of product dtyness.

Repotts on the performance of the Centridry™ process, the success of vatious installations, and
product quality piqued the interest of both King County and Brown and Caldwell engineers. To
assess the credibility of these repotts, site visits were made to operating installations in Germany in
1995 and 1996. Three visits were made by Brown and Caldwell representatives and two by King
County representatives.!? Four facilities were visited. Each was located at a municipal wastewater
treatment plant, and each had been installed as a retrofit to an existing sludge dewatering process
(te., most Centridry™ equipment was installed within existing structures). Two of the four
installations operated on digested sludge while the other two opetated on undigested sludge.

Several features of the Centridry™ process were identified fitst-hand during the site visits. Those
that were most appealing to King County included: 1-3

Combined dewatering and drying process in a small footprint.

Relatively simple operation requiring little opetator attention.

Dried product recycle is not necessary (as required in indirect dtyer installations).
Relatively low energy demand per ton of watet temoved.

Product has good bulk handling characteristics.

Product is aesthetically appealing compared to dewateted cake or bone-dried
product.

Low odor emissions from dtying process and stoted product.
May be retrofitted into existing biosolids processing facilities.

If Centridty™ performance observed in Europe could be replicated at King County facilities, then
the features described above would benefit King County through reduced operating costs and
simplified biosolids management through the production of a valuable product.
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1-4 Centridry™ Report

KING COUNTY DEMONSTRATION PROJECT

Based on the site visits, King County’s Applied Wastewater Technologies Program concluded that
the Centridry™ technology had sufficient potential to justify a substantial demonstration project. A
4.5 dry metric ton per day (5 TPD) Centridry™ facility was selected for the demonstration project to
provide sufficient biosolids product for testing in a variety of existing biosolids markets and
composting studies. A facility of this size would also provide a sound engineering basis for
evaluating potential scale-up to full-plant capacity.

Implementing the Centridry™ Demonstration Project was a complex undertaking requiting a
substantial investment of time and enetrgy from several organizations within, and outside of, King
County. Some of the key activities and supporting organizations are listed below:

o Demonstration Facility construction — South Plant Engineering, Technology
Assessment Program (formetly Advanced Wastewater Technology Program).

o Facility startup, troubleshooting, and optimization - Humboldt, South Plant
Operations, Technology Assessment Program (formerly Advanced Wastewater
Technology Program).

. Demonstration Facility operations — South Plant Operations and Process Control,
Technology Assessment Program (formerly Advanced Wastewater Technology
Program).

o Centridty™ product distribution and existing market assessment - King County
Biosolids Management Program.

o Composting bin tests - E&A Environmental Consultants, King County
Environmental Lab, South Treatment Plant Process Lab.

. Commercial compost testing - King County Biosolids Management Program.

. Centridry™ product analytical testing - King County Environmental Lab, South
Treatment Plant Process Lab.

. Stack air emissions testing - Amtest.

. New market assessment - Norton-Arnold and Janeway, Inc.

o Structural evaluation of existing Dewatering Building for Centridry™ equipment -
Symonds Consulting Engineets.

) Documentation of Centridry™ Demonstration Project Conclusions, and life-cycle

cost evaluation - Brown and Caldwell.
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Many of these activities wete proceeding concurrently. Planning and coordinating wete key to
gaining meaningful results from the Demonstration Project. The AWTP, namely Mr. Bob Bucher,
was responsible for overall project coordination and planning. Mt. Bucher was assisted by Messts.
Mike Boyle and John Smyth of the AWTP.

CENTRIDRY™ PRODUCT EVALUATION

The tesults of the King County Demonstration Project indicated that the process is capable of
producing biosolids of fifty to sixty percent solids content in 2 mechanically reliable and operator-
friendly manner. On the other hand, the results also indicated that there could be setious issues of
odot, and hence product acceptability, associated with the Centridry™ product. The issue of
product odor was judged to be a “watershed” issue for the viability of Centridry™ at the South
Plant. Consequently, King County elected to focus additional effort on the evaluation of the
Centridry™ product. Specifically, a follow-up study was performed with the following objectives:

1. Identify the causes of product odor.

2. Identify methods of controlling odors as product ages.

3. Evaluate composting of unamended Centridry™ product to Class A biosolids
critetia.

4. Evaluate the feasibility of treating composting off-gases with biofiltration.

5. Evaluate the potential for beneficial reuse of composted product by end usets.

The approach used in this follow-up study included the following activities:

1. Brainstorming workshops, utilizing expertise of scientists currently and actively
engaged in biosolids and microbiological research.

2. Prioritized field trials to test the hypotheses developed in brainstorming sessions for
cause and potential control of Centridry™ product odots.

3. Product composting tests, followed by limited product evaluation.

4. Developing and evaluating alternatives for full-scale Centridry™ implementation,
incotporating the results of activities 1, 2, and 3 above.

Brown and Caldwell and E&A Environmental Consultants (now Tetra Tech, Inc.) assisted King
County in this Centridry™ Product Evaluation Study. King County, specifically Ms. Lisette
Nenninget, was responsible for generating Centridry™ Product (with assistance from Baket-
Hughes), planning and conducting the field tests, and coordinating composting and biofiltration
tests. Brown and Caldwell and E&A Environmental coordinated the brainstorming sessions,
assisted in field tests and composting tests as requested, developed and evaluated alternatives, and
documented results.
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SECTION 2

DEMONSTRATION PROJECT: PLANNING AND SETUP

The Centridry™ Demonstration Project represents a significant investment in capital, time, and
petsonal energy on the part of the King County and Humboldt participants. The paragraphs below
describe the Centridry™ system installed as well as the planning and activities associated with
constructing, starting, and operating the system.

OBJECTIVES

The demonstration project was designed to meet five primary objectives:

1. Evaluate operability and reliability. To be successful, the system must operate
teliably and safely without constant operator attention, and recover readily from
planned and unplanned system shutdowns.

2. Assess product quality and acceptability to current and new markets. To be

successful, the final biosolids product must be desirable to current markets or
suitable for developing strong new markets.

3. Assess potential for odor production and air emissions. To be successful, the
process must operate without production of significant odor and adverse ait

emissions.

4. Assess ability to compost product to achieve a Class A material. The ability to
achieve a Class A product through composting is important for expanding current

and developing new Class A markets and desirable for existing Class B markets.

5. Assess operating costs to determine cost-effectiveness at full-scale operation. To be
successful, the process must provide system-wide benefits/savings commensurate

with capital and operating costs.

This project was a collaborative effort between King County, Humboldt and a consultant team
headed by Brown and Caldwell Consultants. King County personnel were principally responsible
for directing and conducting the project study, and operated the facility duting the test period.
Humboldt was responsible for construction and start-up of the demonstration facility, as well as
operations training and troubleshooting during the operating petiod. A consultant team headed by
Brown and Caldwell provided technical assistance for all phases of the Demonstration Project.
E&A Environmental Consultants, Inc. was also on the consultant team; E&A focused on the
compost studies. In addition, Norton-Arnold and Janeway, Inc., provided assistance in evaluating
the new market potential of the Centridry™ product, and Symonds Consulting Engineets, Inc.,
provided structural design and evaluation setvices.
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2-2 Centridry™ Report

TEST PLANNING

A key to the success of the Demonstration Project was thorough planning by all parties at the outset
of the facility implementation.

Process

A test plan was developed as a guideline for the Centridry™ demonstration test petiod. The plan
outlined test objectives and operating conditions, a sampling plan, and opetation responsibilities.
After the startup phase, King County Operations was assigned responsibility for the day-to-day
operations of the demonstration facility. Humboldt representatives were available as necessaty to
assist King County with operations and troubleshooting.

The process was operated with a digested solids feed for the majority of the project. Two weeks at
the end of the demonstration were devoted to the processing of undigested sludge (70 percent
primary, 30 percent secondary). Process parameters were recorded and samples collected for
analysis. Sampling was conducted in accordance with a detailed sampling plan developed by King
County. Sample analysis provided critical information to define dewatering and drying efficiency,
process mass balances, energy consumption, polymer consumption, product quality, sidestream
quality, and air emissions.

Product Composting

A test plan was developed to guide the study of the composting characteristics of the Centridry™
product. The objective was to determine the requirements to compost Centridry™ biosolids to a
usable Class A product. The study was designed to determine the suitability of the Centridry™
product to self-compost, assess the performance of several bulking agents and mix ratios, and
evaluate final product characteristics, e.g. pathogen count, nutrient value, moisture, texture, etc.
Pilot-scale composting ttials (one cubic yard bins) wete petformed at South Plant to evaluate vatious
operating and performance parameters (e.g., air requirements, percent and type of bulking agent,
etc.) for optimum composting and minimum odor production. Centridry™ biosolids were also
hauled off site to privately-owned composting facilities for full-scale composting trials.

The bin testing program was used to improve knowledge about a large number of alternative

composting options while requiring limited space and supporting tesources. The following issues
were evaluated duting bin testing:

1. Adequacy of moisture available in the Centridry™ product to qualify as a Process to
Further Reduce Pathogens (PFRP) and produce a stable compost product.

2. Availability of sufficient energy (degradable organics) to qualify as a PFRP and
Vector Attraction Reduction process (VAR).

3. Extent of nitrogen loss when composting dried solids without a bulking material.
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4. Suitability of the Centridry™ product texture for aeration without bulking material
addition.
5. Extent of active composting (biologically degrade) versus heat retention through

product insulative properties.

6. Bulking material usage for moisture, energy, or texture enhancement of the dried
product.

7. Odor associated with the uncomposted product in a dried and rewetted state.

8. Odor associated with composting.

9. Density characteristics of the Class A products and transportation cost implications.

10.  Potential for compliance with VAR considering 40 CFR 503.32(a)(2) which requites
Class A to be achieved prior to or at the same time as VAR.

See Appendix C-1, Evaluation of Class A Compliance Alternatives for Centridry™ Product.

Product Distribution

The King County Biosolids Management Program was responsible for investigating application
equipment appropriate for the Centridry™ product, and the Centridry™ product's suitability for
current biosolids application sites and contracts. Application sites include forest fertilization on
state and Weyerhaeuser forest land, dryland wheat fertilization in Douglas County, fertilization of
hops in Yakima County, and composting with GroCo and Land Recovety, Inc. (LRI). [In the teport
sections that follow, the experience gained from GroCo and LRI will be discussed under Product
Composting.] Each of the sites was selected to receive the Centridry™ product for testing, and
project sponsors or application contractors were asked to provide an assessment.

FACILITY INSTALLATION

The Demonstration Project facility included a 5-dry-tons-per-day, production-scale Centridey™
system, equivalent in capacity to systems currently in operation in Europe setving small treatment
plants. Thus the process train and the individual components were representative of a full-size
Centridry™ system if implemented at South Plant. Also, the Demonstration Project facility was
sized large enough to generate sufficient product for evaluation in various potential beneficial use
applications.

Process Hardware
All process hardware was shipped from Germany in September 1996. Installation of the hardware

was completed by Humboldt representatives from January to April, 1997. Figure 2-1 depicts the
process schematically and is followed by a description of the major system components.
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Figure 2-1. Centtidry™ Demonstration Project Process Schematic

Centrifuge. A high solids centrifuge (Humboldt Centripress series) is used for mechanical
dewatering. The centrifuge discharge is modified to promote "splattering” of the dewatered sludge
solids into small particles. These smaller particles are discharged to an insulated shroud through
which hot ait is blown. The small particles are entrained in the hot air stream, promoting quicker,
mote efficient drying. Polymer is added to the sludge feed ptiot to dewatering as is done for

conventional centrifuge dewatering. Centrate is routed from the centrifuge as with any conventional
centrifuge.

Hot Air Drying. Hot air is blown through the insulated shroud surrounding the centrifuge
to entrain the dewatered solid particles. The hot air temperature through the shroud is about 200°C

(390°F). Upon contact with the hot air, the moisture on the sutface of the patticle evaporates. The
air and particles are pneumatically conveyed through insulated stainless steel piping to a cyclone
separator. Additional drying occuts in transit to the cyclone. The “flash drying” transfers only
limited heat to the solids particles. The tempetature of the solid particles at the process discharge is

about 50°C (120°F) with the cyclone air temperature at about 140°C (285°F).
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Burner. A conventional butner is used to produce a 200-300°C (390-570°F) air stream.
Various fuel types can be used in the burner including digester gas, heating oil, natural gas, or
propane. Propane was used for the South Plant demonstration facility because of the facility’s
tempotary natute. Hot air from the burner is mixed with recycled air priot to entering the
centrifuge. The hot gas-butner system is controlled to maintain a constant inlet temperature to the
centrifuge.

Hot Air Recitculation. An induction ot recirculation fan provides the energy for moving
the hot air stream from the centrifuge shroud through the cyclone separator. Located downstream
of the cyclone, the recirculation fan recycles a portion of the hot air to the burner’s discharge while
the remainder is cleaned via the scrubber/packed bed. Dampers on the recirculation fan’s discharge
control the petrcent of air recycled vs. the percent scrubbed. The recycle loop is designed to reduce
enetgy consumption by recycling a portion of the thermal energy.

Cyclone Separatot. Dried sludge particles are separated from the hot air stream via a
cyclone separator. The recirculation fan draws the solids-carrying air stream from the centrifuge to
and through the cyclone. Velocities from the centrifuge to the cyclone are on the order of 50 to 60
feet per second. A rotaty valve at the bottom of the cyclone discharges the dried patticles to a screw
conveyor for discharge to the receiving truck or bin.

Scrubber Exhaust System. Particles not captured in the cyclone are removed from the air
stream in the scrubber system. This scrubber system also provides a degree of odor and air
emissions control. The scrubber system includes a scrubber fan, a Venturi scrubber and packed bed,
and an exhaust stack. The scrubber fan directs a portion of the hot air stream through the
scrubbet/packed bed. Water (South Plant effluent) is injected both at the Venturi throat and at the
top of the packed column. A portion of the scrubbed air discharge is recycled to the burner to
control the oxygen content in the hot air stream and balance the system operating pressure. The
remaining scrubbed air is discharged to the atmosphere via a stack.

Process Control Hardware. A programmable logic controller (PLC) monitors key process
patametets, teports and responds to alarm conditions, and provides automated process startup and
shutdown. A data acquisition system (DAS) operates via a software package to provide data logging
and trending capabilities. The DAS has the capability of being accessed via modem for on-line
monitoting at Humboldt offices in the U.S. and Germany.

Building
A steel building was constructed to house the 5-dry ton per day Centridry™ process hardware. The
25-foot tall building with a footprint of 1,200 square feet accommodated all of the hardware except

the cyclone separator and associated piping. The product loadout area was also protected by roof
overhang on the front of the building.

Utilities

Mechanical utilities supplied to the pilot plant included potable quality water (C2) for the polymer
system, flushing, and general cleanup, secondary effluent for the scrubber system, service air for
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2-6 Centridry™ Report

instrumentation and cleaning, a sludge supply capable of delivering digested or undigested solids,
and propane gas from temporary bulk storage tanks. Facility electrical utilities include two 200 amp,
480V feeders, and 60 amp, 120/208V setvice. Data required for process evaluation was collected
via the DAS and automated samplers installed in the solids feed supply, centrifuge centrate drain,
and scrubber condensate drain piping.
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SECTION 3

DEMONSTRATION PROJECT:
OPERATING EXPERIENCE

The Centtidry™ Demonstration Facility was first placed into operation in spring of 1997. The
initial months of operation were spent by Humboldt optimizing the system and resolving process
and mechanical issues as they were discovered. The actual period of operation extended from
September 1997 through March 1998. The following paragraphs summarize the experience gained
from the Centridry™ startup, process optimization, and steady-state operating periods, as well as the
concutrent composting evaluation and the Centridry™ product market assessment. The results of
the follow-up Centridty™ product evaluation are discussed in Section 4.

CENTRIDRY™ PROCESS

The following paragraphs discuss the three primary phases of Centridry™ operation: startup,
optimization, and steady-state operation. Operating data is presented for operation on digested
solids, and a discussion of operation on undigested solids is also provided.

Startup

The agreement between King County and Humboldt required that Humboldt successfully
demonstrate the reliable operation of the Centridry™ system, and provide operational training prior
to the initiation of the steady-state operational test. Humboldt representatives from Germany and
the United States initiated hardware checkouts in May 1997.

Equipment start-up during the first weeks of May was successful; a 60 percent product was attained
the first day. However, solids capture was poor as evidenced by the centrate quality. Attempts to
improve capture merely resulted in poor product quality. A two-sided approach was taken to
address this issue. First, polymer trials were carried out to find a polymer that would improve the
low shear resistance of the South Plant digested solids. The “soft” digested solids produced by
South Plant are uncharacteristic of solids that Humboldt had seen at other installations. Though
somewhat successful, changes in polymer and polymer doses were less than optimal. Second, the
centrifuge’s conveyor scroll was reconfigured to improve mechanical dewateting. After the
conveyor assembly was reinstalled in the centrifuge, further polymer trials were cartied out. Along
with updates to the software control logic, the scroll adjustment and selection of an effective
polymer markedly improved capture efficiency. Humboldt representatives were in the lead duting
these initial optimization steps.

To verify the mechanical dewatering efficiency of the Centridry™ centrifuge, Humboldt conducted
dewatering trials using a centrifuge pilot trailer. The centrifuge in the pilot trailer was the same
model as the Centridry™ centrifuge. Using the same feed solids and polymer dosing, the pilot
trailer centrifuge consistently produced a dewatered cake in the range of 27-28 percent TS. This
provided critical polymer dosing information and centrifuge operation criteria for baseline opetation
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of the Centridry™ centrifuge. By contrast, South Plant's belt press dewatered cake was 20 to 21
percent total solids during this mechanical test.

Optimization

Start-up events highlighted the difficulty and importance of optimizing the mechanical dewatering
portion of the process. Inadequate mechanical dewatering can (and did) produce wet, coarse
particles, which require more heat to dry, and can (and did) accumulate and clog downstream
equipment. In fact, several shut-downs were required to “unclog” various patts of the system
during start-up.

The integral design of the centrifuge discharge with the hot air entrainment makes it difficult to
obtain a mechanically dewatered sample. Thus, other parametets were used to indicate how well
feed solids were mechanically dewatering. Centrate quality initially was the only parameter
monitored to indicate mechanical dewatering performance. Experience showed that other
parametets, specifically, the differential air temperature across the centrifuge and the pressure on the
hydraulic back drive, provide more reliable “real-time” indication of dewateting performance than
centrate quality. This monitoring approach and the polymer dosing selected from dewatering trials
provided the tools to better operate the facility and respond to varying sludge and polymer
conditions.

The burner unit operating temperature was selected as the parameter to conttol the final product
petcent TS concentration. Following the optimization of the centtifuge, trials were conducted to
document the impact of the burner temperature setpoint on the final product characteristics
(primarily percent TS). An operating temperature range was defined to produce a final product with
a range between 55 and 60 percent TS.

Steady-State

The official operation period started the first week of Septembet, 1997. From late September
through December, continuous operation was not achieved due to impacts from South Plant
construction activities and a mechanical issue with the Centridry™ ait conveyance system. With the
help of Humboldt, mechanical problems were solved, and the demonstration facility moved to
continuous opetation in eatly January, 1998. The process operated continuously from January
through March, 1998. Throughout the demonstration testing, Humboldt representatives supported
the ongoing operation of the demonstration hardware and training of operations personnel. This
close working relationship allowed continuous process operation that satisfied the objectives of the
demonstration project.

The Centridry™ system was initially operated with a goal of running 24 hours per day, 7 days pet
week. After several weeks of inconsistent operation and difficulty in scheduling biosolids trailers,
the decision was reached to switch operation from 7 to 5 days per week. Operations shift crews
were responsible for several tasks during process operation. Tasks included monitoring solids
loading into the staged biosolids trailet, trailer removal and replacement as required, collection of
product grab samples, and completion of a daily checklist. The performance of these tasks required
approximately one hour of time duting a 12-hour shift.
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A major drawback in the operation of the pilot plant involved the loading of product into staged
biosolids trailers. This required manually moving a product discharge screw conveyor to distribute
the material uniformly in the trailer. In addition, rakes were used to spread the product in the trailer.
This activity tequired more attention than any other aspect of operating the Centridry™ system.
Improvement of the product discharging mechanism would have further streamlined the operation.

The startup and shutdown of the Centridry™ system were handled automatically by computer
sequencing. Individual system components could also be operated manually. During operation,
critical system patametets were monitored and recorded by a programmable logic controller (PLC)
and abnormal operation was displayed on a local alarm panel. The Centridry™ system centrifuge
was controlled in the same manner as any normal dewatering operation. The process air conveyance
system was operated by the PLC. The burner and polymer systems were setup and operated at local
control panels. The solids feed rate and polymer feed rate were input into the PLC. Burner
controlling temperature was input at its local panel. Centrifuge operating parameters were input at
its backdrive controller. '

Process samples (24 hour composites) were collected on a daily basis from four sample locations:
solids feed, centrate, condensate, and product. The South Plant Process Control Laboratory
provided daily conventional analysis of the samples and the King County Environmental laboratory
was sent a weekly sample for metals and biological analyses.

Operating Data - Digested Solids Processing

From September 1997 through March 1998, 442 wet tons of Centridry™ product was produced.
Product dryness commonly fell in the 50-65 percent total solids range, with 55 percent as a target. It
can be characterized as slightly moist, with fine particles and little odor. Product as wet as 45
petcent solids and as dry as 80 percent was produced. The wetter product was an attempt to
generate a product that more easily composts. The drier product was generated to test the limits of
the process and was obsetrved to result in considerable dust formation.

Product odor was observed to increase significantly with storage (in truck trailers or large piles) for
more than a few days.

Tables 3-1, 3-2, and 3-3 present operating data, product characteristics, and air emission data during
continuous steady-state operation as defined in Appendix B. In general, the facility successfully
demonstrated the ability to produce a dried biosolids product in the 50-60 percent solids range.
Polymer use was higher than expected - nearly 32 Ib/DT rather than an anticipated 20 Ib/DT. (It
should be noted that South Plant's belt press dewatering process has historically required high
polymer dosage for effective dewateting; e.g., the 1997 average polymer dosage was 25 Ib/DT31).
Centrate quality and solids capture were in the range of values expected. The hot ait burnet,
recirculation system, and exhaust scrubber system petformed well.
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Table 3-1. Centridry™ Operating Data

Process parameter Average value

Solids feed flow, gpm 27

Feed solids, percent 2.9
Solids capture, percent 88
Polymer use, Ib active/dry ton* 32
Centrate TS, mg/L 1,632
Scrubbet water TS, mg/L 308
Burner setpoint, °F 350
Electrical requirement, KWH/Ib dry solids 0.37
Dryer energy requirement, BTU/Ib H,O evaporated 1,583

2Polymer usage expressed as Ibs active polymer.

NOTE: Data based on steady-state operation as defined in Appendix B.

Table 3-2. Centridry™ Biosolids Product Characteristics

Parameter Average value
Product, % TS 60
Product bulk density, Ib/cu yd 975
Volatile solids, % of TS 61
pH 8.6
Ammonia, mg/Kg, dry as N 7,371
TKN, mg/Kg, dry 51,636
Total P, mg/Kg, dry 20,053
K, mg/Kg, dry 1,678
Fecal coliform, MPN/100 grams, dry 805
Salmonella, MPN/100 grams, dry <3
Notes:
1. Metals (Arsenic, Cadmium, Coppet, Lead, Mercury, Molybdenum, Nickel,
Selenium, Zinc) all measured below 40 CFR Part 503 regulated levels.
2. Data based on steady-state operation as defined in Appendix B.
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Table 3-3. Centridty™ Stack Air Emissions Data !

Parameter Average value

Air flow, cfm 641

Exit temperature, °F 57
Total particulate matter, grams/dscf 0.0028
O3, % by volume 14.7
SOs, ppm 0.5
NOy, ppm 15.6

CO, ppm 46.9
Total hydrocatbons, ppm, dry 95.0

1 Collected during February 1998 operation (six sampling events)

Undigested Solids Processing

The final two weeks of the demonstration project were spent processing undigested solids (digester
feed material). Eatly success in processing the undigested sludge revealed a product with a much
larger particle size compared to the digested product. In addition, some patticles were recognizable
with respect to their origin, e.g., paper. Odor levels in the exhaust stack during processing were
controlled and not unlike the processing of digested material. The odor associated with the
undigested product was different but not objectionable. Continuous processing of undigested
sludge was not achieved due to problems in attaining the proper polymer dosing. Time constraints
did not allow additional polymer trials to be conducted.

PRODUCT COMPOSTING

The following paragraphs provide an ovetview of the composting trials conducted using
Centridry™ product. A description of the test bins is provided followed by a summary of results.
See Appendix C-1, Evaluation of Class A Compliance Alternatives for Centridry™ Product, for a
more complete description of the composting trials and their results.

Compost Bin Setup and Operation

Eight different mixes using Centridry™ wastewater solids alone or with selected bulking materials
wete composted in four aerated 0.6 cubic meter capacity composting bins. A cement mixer was
used to mix the bulking materials and wastewater solids. The mixes were then manually loaded into
the bin composters. The mixes were composted for at least 21 days. Temperature was maintained
within optimum levels using a temperature feedback controller on the aeration system. The system
was operated to achieve 55°C or warmer for 3 days to comply with the Process to Further Reduce
Pathogens (PFRP). The bins were controlled to provide compliance with Vector Attraction
Reduction (VAR) per EPA 40 CFR 503.33(b)(5) which requires temperatures greater than 40°C for
14 days with an average greater than 45°C.
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During the two week bin composting studies, composting material samples were analyzed for
process status parameters. Odor emissions were monitored during composting using colorimetric
tube and odor panel analyses. The odor panel analysis was completed by a seven person panel using
ASTM consistent equipment, sampling and measurement procedures. At the end of the composting
process, the volume and weight of product was determined.

The test mixes were selected based on experience with the product in Europe, traditional
approaches to composting, and consideration of innovative methods of complying with Alternative
1 (Time and Temperature) of the Pathogen requirement of 40 CFR 503.

Experience in Europe with static pile composting of the dried product indicates the possibility that
sufficient heat is released by the newly dried product to maintain composting temperatures in static
unaerated piles. Aeration was found to cool the piles below required temperatures. The rate of
aeration at which over-cooling occurs was not indicated. Sufficient energy appeared to be provided
by a Volatile Solid (VS) reduction of 12 percent. The remaining moisture in the material tested in
this manner resulted in a 60 percent TS content. During 3 months of storage, the solids had
sufficient energy to further dry the product to 75 percent solids.>? Based on this experience, it was
desirable to use the bins to better define the conditions under which this approach could be used.

Traditional composting of dewatered biosolids typically involves the addition of a bulking material
to condition the mix for effective biological activity and the provision of a moist, aerobic
environment. Drying the solids to the levels achieved by Centridry™ significantly changes the
physical characteristics of the solids and the need for a bulking material to increase the solids
content of the mix into the ideal range for composting. In fact, Centtidry™ product is normally
drier than desirable for composting. With this dry product the use of a bulking matetial would
condition the mix in different ways than normally expected. A goal in developing the recommended
initial mixes was to test different bulking material ratios in order to evaluate whether the bulking
material mixes outperform the dried product by itself. Inadequate moisture impedes biological
degradation because of the need for water by the microbial population. Eutopean expetience
indicates heating and VS reduction at 60 percent TS, but no information is available to document
performance at this moisture content relative to composting of dewateted biosolids. There is also
no information on the impact of a more moist mixture, or the impact of providing a bulking
material. The following mixes were used to address these issues duting bin testing.

Series 1, Digested Solids Feed:

. Bin 1, 100 percent Centridry™ product without aeration - This models the
European experience as closely as possible using South Plant biosolids.

o Bin 2, 100 percent Centridry™ product with aeration - This models the aeration
experiment conducted in Europe but with highly controlled aeration rates.

o Bin 3, 33 percent Centridry™ product (2:1 mix) and 67 petcent coarse, moist
sawdust bulking material with aeration - This models the aerated static pile process
using sawdust as the bulking (and moistening) matetial. The mix ratio includes less
sawdust than used in traditional composting, but prowdes enough to identify any
positive benefit of adding sawdust.
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. Bin 4, 43 percent Centridry™ product, 43 percent coarse, moist sawdust bulking
material, and 14 percent thickened undigested wastewater solids (1:1:1/3 mix) with
aeration - This mix models the aerated static pile process using sawdust as the
bulking material and thickened solids for moisture addition and micro-organism
seeding. The seeding was felt to be potentially beneficial for odor control by
replacing desired micro-organisms lost in the drying process.

Series 2, Digested Solids Feed:

. Bin 1, 100 percent Centridry™ product without aeration - Replicate of Bin 1 —
Series 1.

. Bin 2, 100 percent Centridry™ product with aeration - Replicate of Bin 2 - Series 1.

. Bin 3, 33 percent Centridry™ product (2:1 mix) and 67 petcent coatse, moist

sawdust bulking material with aeration - Replicate of Bin 3 - Series 1.

. Bin 4, 100 petcent Centridry™ product that was held in unaerated storage for three
weeks, with aeration - Replicate of Bin 1 - Series 1 using aged material to evaluate the
effects of storage prior to composting.

Compost Bin T'rials

The petformance of the bins indicates that the Centridry™ product, with and without bulking
materials, generates temperatures that are required for regulatory compliance. Significant odors
were found to be generated during initial mixing and placement of the material and during
composting. The second series of bin trials used Centridry™ product that had a 5 percent lower
moisture content than the first series. Thete was some indication that the reduced moisture content

may have slowed the composting process and reduced operating temperature in the 100 percent
Centridry™ product bins.

In all mixes, organic nitrogen was being converted to ammonia. Ammonia comprised 33 petcent to
48 percent of the TKN in the mixes after 35 days. Most of the ammonia was held in the mix despite
the low C:N ratio, high pH of 8.0 to 8.7, and increased ammonia concentration. The straight
product bins expetienced significantly less nitrogen loss than the mixes with bulking agent. The
pathogen data indicated that all bin mixes complied with both the Salmonella and Fecal Coliform
requirements for Class A.

Commercial Composting Setup and Operation
Full scale commercial composting tests were conducted by Land Recovery, Inc. (LRI) and GroCo,

Inc. See Appendix C-1, Evaluation of Class A Compliance Altetnatives for Centridry™ Product,
for more complete discussion of the full-scale composting operation.
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Land Recovery Inc. (LRI) Full-Scale Trials. LRI currently operates the Pierce County
Yard Debtis Composting Facility at Purdy, WA and a NatureTech Bin System at the Hidden Valley
Transfer facility located near Puyallup, WA. The NatureTech system uses modified drop boxes and
an automated aeration system to provide a temperature controlled composting environment. LRI
tested the Centridty™ product in the aerated drop box bin system.

LRI tested five mixes:

2:1 by volume yard debris : Centridry™ product
4:1 by volume yard debris : Centridry™ product
3:1 by volume sawdust : Centridry™ product

3:1 by volume sawdust : dewatered biosolids
Centridty™ product only

GroCo (Sawdust Supply) Full-Scale Trials. GroCo has been composting dewatered
biosolids from generators in the Seattle region for over 25 years. GroCo, located in Kent, WA. uses
the large static pile method of composting a mix of 1 part by volume dewatered biosolids with 3
parts sawdust. GroCo tested the Centridty™ product in static piles.

GroCo tested three mixes:

. 4:2:2 mix by volume of sawdust; dewatered biosolids; and Centridty™ product
° 3:1 mix by volume of sawdust and Centridty™ product
° 2:1 mix by volume of sawdust and Centridty™ product

Commercial Compost Product Testing

A portion of the composted product from LRI and Groco was analyzed for vatious parameters that
impact plant growth, including nuttients, metals, pH, bulk density, volatile solids, and phytotoxicity.
The results of these tests are provided in Appendix C-2.

In general, these tests indicate that the Groco product (which included bulking agent in ratios of 2:1,
3:1, and 4:2:2 sawdust to Centridry™ product), exhibited good plant growing characteristics, with
generally high quality ratings in terms of nutrients, pH, otganic content, catbon to nitrogen ratio,
dissolved solids, and other parameters. The product was also obsetved to have no odor, and no
phytotoxicity.

The LRI material tested was a composted Centridry™ product only sample. The results of these
tests indicated that this product also exhibited generally good characteristics with respect to
constituents, with the exception of pH, which was relatively high. However, the LRI Centridry™
only compost product was observed to have high phytotoxicity and a strong odo.

The results of these three tests raise questions regarding the marketability of a Centridty™ only

compost product. Further tests were conducted to more thoroughly assess the physical, odor, and
application, characteristics of the Centridry™ only compost product (see Section 4).
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Additional Microbiological Data

Mictobiological evaluation of the Centridry™ product was conducted periodically throughout the 4-
month demonstration project. With respect to fecal coliform, the Centridry™ product always met
requirements for Class B standards. Analysis for salmonella generally yielded results of less than 3
MPN/100 grams dry product.

In July of 1998, however, the Centridry™ system was opetated in order to generate some additional
product for compost testing by LRI. Samples taken by the King County Environmental Lab during
this production run differed significantly from previous samples in that salmonella counts were
extraordinarily high. Analyses conducted on 3-day old samples (tefrigerated) showed salmonella
counts greater than 1600 MPN/gram wet (1600 was the measurable range limit established for this
sample). After an additional 8 days of unrefrigerated sample storage, salmonella was measured at
130,000 MPN/gram wet. In addition, samples taken by LRI were evaluated by the King County
Environmental Lab and wete also found to have exttemely high salmonella counts--46,000

MPN /gram wet. The results of this microbiological evaluation of the Centridry™ product are
summatrized in Appendix C-3.

Given the unusual results relative to the other microbiological tests conducted during the
demonstration project, and the extraordinarily high values recorded from these samples, a group of
King County staff, representing the AWTP, the Environmental Lab, and the Biosolids Management
Program, met to review and evaluate the results. With respect to these results, the group agreed on
the following:

o King County's Environmental Lab had never seen salmonella counts at this level.

L It would be difficult, if not impossible, to contaminate a sample to this degtee by
mishandling the collection.

J Thete was no obvious explanation for the high salmonella values.
J Product wetting and subsequent regrowth was considered a potential cause.
o Mote extensive testing is necessaty to evaluate product handling and potential causes

for the elevated salmonella counts.

A high potential for pathogen regrowth would be a setious concern with respect to the Centridry™
product's acceptability in the marketplace. As a follow-up to this meeting, the “regrowth potential”
of Centridry™ product was tested under several conditions. In all cases, regrowth of salmonella
could not be recteated in any way similar to that observed in the July 1998 LRI samples.>
Therefore, it is concluded that pathogen regtowth in Centridry™ product is not an issue.
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PRODUCT MARKET ASSESSMENT

The Centridry™ product was evaluated by current usets of King County's biosolids (dewatered
cake). The paragraphs below summarize comments and reactions from these users. In addition, a
telephone survey was conducted to assess the new market potential of the Centridry™ product,
specifically in the topsoil manufactuting market.

Existing Markets

The Biosolids Management Program coordinated the distribution of Centridry™ product to curtent
biosolids end-users. Three end-use projects patticipated: (1) forest fertilization on State and
Weyerhaeuser forestland, (2) dryland wheat fertilization in Douglas County, and (3) fertilization of
hops in Yakima County. Each of these projects received the Centridry™ product for testing.

Each project sponsor or application contractor was asked to provide an assessment of the
Centridry™ product. In general, biosolids users who tested the Centridry™ product provided
negative comments, largely because of the odor and dust associated with the product. In each case
the comments were that because each of these projects operates in close proximity to “neighbors,”
either homes or other non-biosolids operations, the odots from the product may jeopardize the
projects. Also, the equipment operators and other laborers who wotked around the product were
concerned for their safety from the dust created when the product was applied and from the odor
that was associated with the product. The hops project, for example, supplied their workers with
respirators to address wotkers' concerns while working with the product.

Table 3-4 summarizes comments teceived from project sponsors or application contractors
regarding the Centridry™ product.

Table 3-4.  Summary of Cuttent Biosolids Users' Comments Regarding

Centridty™ Product
End-use Users' overall Unloading and : .
site assessment loading Dust Odor Spreading
Forest Unacceptable Okay but dusty Excessive | Sharp Poor (50 ft)
Wheat Unacceptable Dusty and Excessive | Terrible, odor lingered | Difficult
odorous after tilling into soil
Hops Unacceptable, Too dusty: Tried | Excessive | Extremely offensive, Required masks
unsafe wotkplace | wetting, but too cannot contain odor and respirators
expensive

The paragraphs below provide additional information regarding the assessment of the Centridry™
product in King County's existing biosolids beneficial use markets.

Forest. Loads were received in January and February 1998. Although the trailers unloaded
easily, there was airborne dust and a sharp odor duting unloading. The product loaded into the

P:\18398 Centridry Product Evaluation Project\wp\final report\finalsec_3.doc



Section 3: Demonstration Project: Operating Experience 3-11

spreader easily, but anytime the product was disturbed, dust was created. The spreader was able to
fling the material only about 50 feet versus the cake product, which can be flung over 200 feet. On
a typically windy and gusty day at the application site, the material was observed to switl around the
applicator vehicle, covering it with the dust.

A small portion of the Centridry™ product was pelletized to determine whether its "flinging"
characteristics could be improved. The Centridry™ product appeared to be amenable to pelletizing,
and the pelletized product was also tested on forest land. It could be flung over 100 feet with little
or no dust, but the odor characteristics were similar to the other Centridry™ product.

Wheat. Loads were received in June and July 1997 and in January, Febtuary and Match
1998. The project sponsor expressed concern with the Centridry™ product due to dust and odot
during delivery, while spreading, and after it was tilled into the ground. Application of the product
was limited to sites away from roadside neighbors due to odors. Sponsors were concerned about
jeopardizing the local acceptance of the biosolids project because of the odor associated with the
Centridry™ product.

Hops. Loads were received in fall 1997. The problems encountered with the Centridry™
product were excessive dust, odor and increased cost of handling. At one location, workers were
given mask/tespirators because of safety concerns due to excessive dust. To control the dust
associated with the product during loading and to facilitate loading, water was sprayed on the
product. This was judged to be an inefficient process both physically and financially. Because the
product had a lower nitrogen rate per dry ton, an increased rate of application was required, which
reduced efficiency in handling. Odor from the Centridry™ could not be contained and was judged
to be offensive. Because the Green Valley area is interspersed with many non-farmers, the odors
from the Centridry™ product could easily jeopardize the acceptance of the project.

Potential New Markets

One of the potential benefits of the Centridry™ process is the creation of a product that could open
new markets for King County's biosolids. The incentive to King County for developing new
biosolids products are: (1) additional markets potentially create more demand for biosolids in the
beneficial use marketplace which further ensures that King County will always be able to fully
distribute its biosolids production to beneficial use; and (2) an additional market for King County's
biosolids may significantly reduce the cost of haul and application. Cost teduction could come from
reduced haul cost and/or increased competition for a limited resource, namely King County's
biosolids. For these reasons, a preliminary evaluation of the Centtidry™ product's new market
potential was evaluated by Norton-Arnold and Janeway, a public involvement and resoutce
management consulting firm. A complete report of the new market assessment by Notton-Arnold
and Janeway, Inc., is included in Appendix F. An overview of the results of the study is provided in
the paragraphs below.

The preliminary survey conducted for King County's Centtidry™ Demonstration Project consisted
of telephone interviews with potential end-use customers. Two of these were composting
companies currently experimenting with the Centridry™ product. Twenty-two wete with topsoil
companies identified from the U.S. West Yellow Pages. All were located in either King ot
Snohomish County. Telephone interviews wete conducted in June 1998.
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The research was based on the premise that composting companies would use Centridry™ to
produce a Class A composted product, which would then be sold to topsoil companies. Topsoil
companies would use this composted Centridry™ product in the blends and soil mixes they offer to
their customers. Two sets of interview questions were used for the two categories of intetrviews.

Key interview findings indicate there is interest in a biosolids product that is driet than the products
currently available (i.e., dewatered cake at 20 to 22 percent solids). Topsoil companies ate familiar
with biosolids products and feel that they perform well. Eight companies requested furthet
information on Centridry™, and four of those expressed interest in working with King County on a
pilot program for the product. This willingness is tempered, however, by intetviewees' concern that
there are negative public perceptions about the use of biosolids in general. Those intetviewed ate
also concerned about odor control, dust, cost, and King County's ability to develop and maintain a
long-term business relationship with them.

In addition to contacting potentially interested topsoil companies, Norton-Arnold and Janeway also
contacted LRI and GroCo composters while they were testing the Centridry™ product in their
operations. At the time of the interview, each company expressed optimism regarding the potential
for Centridry™ to be utilized in their operations to produce a marketable product at lower cost.
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SECTION 4

CENTRIDRY™ PRODUCT EVALUATION TESTS

As explained in the previous chapter, the results of the Centtidty™ Demonstration indicated that
the process is mechanically reliable and capable of dewatering and drying biosolids to fifty to sixty
petcent solids content, or more. However, serious questions were raised regarding the Centridry™
product quality, especially with respect to dust from the product, as well as odors generated from the
product after several days of stockpiling. Product dusting issues were addressed by operational
changes in the Centridry™ process. These are summatized in this section. The product odor issues
wete serious enough that King County elected to initiate a follow-up study focused specifically on
the Centridty™ product odor. The goals of this follow-up study included the following:

1. Identify the causes of product odot.

2. Identify methods of controlling odots as product ages.

3. Evaluate composting of unamended Centridty™ product to Class A biosolids
criteria.

4. Evaluate the feasibility of treating composting off-gases with biofiltration.

5. Evaluate the potential for beneficial reuse of composted product by end users.

The following paragraphs summarize the operational changes to control dusting and the activities
and results associated with the follow-up product odor control study.

CONTROL OF PRODUCT DUSTING

Eatly in the operation of the Centridry™ Demonstration Project, and ptiot to resolving the
operation problems with the system (see Section 3), the Centridty™ product produced was drier
than anticipated (greater than 70 percent solids). This vety dty product was observed to create dust,
especially as it was being discharged from the cyclone conveyor into the truck. Some of this dried
product was also taken to eastern Washington and applied to agticultural land where dusting was
observed to be severe. Besides being a nuisance, the product dust was perceived by South Plant
staff and agricultural field wotkets to be a health risk.

Based on these obsetvations, the target product dryness was established at 55-60 percent solids, as
the product with this dryness was not observed to create problematic dusting. As operational
problems with the Centtidry™ system were resolved, the ability to control product dryness to a
target level improved, and problems with excessive dust appeared to be resolved.
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PRODUCT ODOR CHARACTERISTICS
AND IDENTIFICATION OF CONTROL METHODS

During the initial Centridry™ Demonstration Project, odors from the Centridty™ product,
especially after a few days of stockpiling, were obsetved to be significant and unacceptable. It was
judged that if left unabated, the product odors would preclude the use of Centtidty™ product in any
of King County’s cutrent biosolids beneficial-use markets, as well as any new markets. Thus, for
Centridry™ to be a viable process for King County, product odors must be effectively controlled, if
not substantially eliminated. To determine the feasibility of this goal, activities were initiated with
the following objectives.

1. Characterize odors of fresh and aged product by chemical composition analysis;
2. Identify the mechanism for odor generation and evaluate potential odor control
methods;

3. Provide conclusions regarding the feasibility of controlling odots from Centridty™
product.

To achieve these objectives, several activities were conducted jointly by King County and the Brown
and Caldwell team. These activities and their results are described below.

Odor Characterization

As a first step in evaluating the Centridry™ product odot issues, and potential solutions, tests were
conducted by King County in August 1999 to characterize the odors from the Centridty™ product
under various conditions, and over time, and to compare these to odots from dewatered cake solids.

These initial tests would provide data that would be used to help brainstorm potential causes of the
Centridry™ product odors, and develop potential odot control options.

The test procedure utilized 6-gallon buckets loaded with a known quantity of solid material
(6.5 kilograms, wet weight basis). The buckets were fitted with gas-tight lids, with connections for
collecting headspace gas samples, plus connections for aerating the sample, as apptopriate.

Buckets were stored at 40 degrees C (104 degtees F) to simulate the autothermal conditions
observed when Centridry™ product was stockpiled (in truck trailets or in piles). Four potential
storage conditions were evaluated using the bucket test method:

1. Centridry™ product aerated,;

2. Centridry™ product unaerated and unamended;

3. Centridry™ product unaerated and treated with lime (10 petcent by weight);
4. Dewatered cake solids (control).

During the Demonstration Project, it was obsetved that product odots would become more severe
over time. Therefore, bucket headspace gas samples were collected for analysis initially (t = 0 when
the buckets were first filled), then at four days and fifteen days after the buckets were filled (t = 4,
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t = 15). Gas samples were analyzed for a wide range of compounds in order to assess what
compounds wete present in the off-gases, and how these compounds change over time. In addition,
an odot panel was assembled to assess the qualitative characteristics and severity of the odors from
each sample.

The results of these initial odor characterization tests are shown in Appendix D1. In general, these
tests confirmed the observations of the Centridry™ Demonstration Project; specifically, in
unaerated and unamended Centtridry™ product samples, odor-producing compounds and observed
odots (as determined by the odor panel) increase with time as the product remains in an unaerated
state. Gas samples from the cake solids and the lime-treated Centridry™ product also showed
increases in odor, and odorous compound concenttations, though the specific compounds and the
intensity of the odots varied somewhat from the unaerated Centridry™ product. Significantly, the
gas samples taken from the aerated Centridry™ product showed the least odots over time, both in
terms of detection by the odor panel and measutred concentrations of compounds.

Identify Mechanisms for Odor Generation and Methods for Controlling Odor

In order to determine the feasibility of controlling Centridry™ product odor to an acceptable level,
the mechanism(s) that cause the odor must be identified, and techniques for controlling, ot
eliminating, these mechanisms must be confirmed. To this end, a one-day brainstorming workshop
was convened on November 5, 1999, to achieve the following:

. Review data and observations to date regarding Centridry™ product odot;
. Develop hypotheses on the mechanisms that contribute to the odors;
. Develop testing plans to confirm or refute each hypothesis.

As shown below, the patticipants in the wotkshop encompassed a broad range of expertise in
biosolids and mictobiology, including King County staff, consultant team membets, and outside
experts.

Participant Affiliation

Gary Newman Brown and Caldwell, Project Managet

John Smyth King County, Project Manager

Sue Hennig King County, Biosolids Management Group

Jim Endres King County, Environmental Lab

Larty Sasser E&A Environmental Consultants (now Tetra Tech, Inc.)

Paul Rosenfeld, PhD Bechtel (former University of Washington graduate student,
researching biosolids odor issues)

Doug Newlands King County, Biosolids Management Group

Raleigh Farlow DMD, Inc., Chemist

David Stensel, PhD University of Washington (biosolids processing)

David Stahl, PhD Notrthwestern Univetsity (microbiologist)

Lisette Nenninger King County, Centridry™ Product Lead Engineer

Katherine Boutbonais King County, Environmental Lab

Bob Bucher King County, Centridry™ Demonstration Project, Lead Engineer
Dick Finger King County, West Division Manager
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In general, the workshop was divided into 3 discussion sessions. First, the workshop participants
reviewed the current knowledge of the Centridry™ product and its obsetved odors (i.e. data and
observations from the Demonstration Project, distribution to beneficial-use sites, bucket tests).
Next, the wotkshop focused on theories for the source of the Centridry™ product odor. Finally,
the discussion turned to methods and procedutes to test each of the most viable theories.

The workshop was successful in that several hypotheses regarding the soutce of odots were
developed together with conceptual plans for testing the hypotheses.

The following represent the most viable hypotheses developed, and the conceptual test plan
developed for each hypothesis:

Hypothesis 1

The objectionable odors when Centridry™ product is stored for several days are due to biological
activity, rather than solely physical/chemical processes.

Test. Off-gas characteristics (odor intensity, chemical constituents) of stetilized product
(gamma irradiation + sodium azide) would be compared to unsterilized product; both treatments
would be stored under anaerobic conditions.

Interpretation. Higher levels of objectionable odors from the unsterilized product
compared to the sterilized product would indicate that microorganisms contribute to odor
generation. Similar odor levels between the treatments would indicate that odor emissions are
attributable to the chemical and physical nature of the Centridry™ product.

Hypothesis 2

The objectionable odors when Centridry™ product is stored for several days are due to a lack of
suitable electron acceptors (O,, NO,), allowing anaetobic and fermentative metabolism to occut.
The products of anaerobic and fermentative metabolism are genetally more odorous than those of
aerobic respiration.

Tests. Off-gas characteristics of product stored under anaerobic conditions would be
compared to product stored in an oxygen-rich environment. Plate counts of aerobic, anaerobic, and
spore-forming bacteria would be conducted to charactetize the microbial populations.

Interpretation. Lower levels of objectionable odots from the product stored under aerobic
conditions would indicate that anaerobic and fermentative activity is tesponsible for odor
generation. Bacterial counts should confirm this difference in microbial populations.

Hypothesis 3

The Centridry™ process selects for an odor-producing microbial population by inactivating
populations that would normally compete with them.
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Tests. Plate counts of aerobic, anaetobic, and spote-forming bacteria would be conducted
on feed to the Centridry™ process and the product. Off-gas charactetistics of product mixed with
cake solids from the South Treatment Plant dewatering process would be compared to unamended
Centridry™ product; both treatments would be stored with anaetobic headspace. Plate counts of
aerobic, anaerobic, and spore-forming bacteria in the mixed and unamended treatments would be
conducted to characterize the microbial populations.

Intetptetation. Changes in the microbial population distribution from the Centridry™
feedstock to the product, particulatly the fraction of spore-formers, would indicate microbial
population selection by the Centtidry™ process. Lower levels of objectionable odors from the
product inoculated with cake solids would also indicate that odot production is attributable to
selection for an odor-producing microbial population by the Centridty™ drying process. Bacterial
counts in mixed and unamended product should confirm differences in mictobial population
distribution.

Follow-Up Tests

The bucket test technique, developed previously, was selected as the most practical test mechanism
for this evaluation. The following were the specific bucket tests conducted in May 2000:

Bucket Test Condition Evaluated

1 Centridry™ product stored with anaerobic headspace
(intended to simulate storage conditions)

2 Centridry™ product sterilized by gamma-itradiation
stored with anaerobic headspace

3 Centridry™ product stored with aerobic headspace
(exogenous electron acceptot)

4 Centridry™ product mixed with cake solids

(teinoculation of microorganisms)

5 Cake solids with anaerobic headspace

Over the two-week test period, gas samples were collected from the headspaces of the test buckets,
and microbial data were collected from samples collected from the buckets. Test tesults are
summarized in Appendix E.

Not all tests went as intended. For example, difficulty with the Draeger Tubes prevented collection
of hydrogen sulfide data. Also, the irradiation of Centridry™ product did not kill all organisms.
Consequently, the odors from a sterile product could not be investigated directly.

Nevertheless, significant and valuable data were collected, leading to important conclusions. The
following summarizes the results of the tests relative to each hypothesis.
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Hypothesis 1

Objectionable odors are caused by biological activity as opposed to solely physical/chemical
conditions.

The test results showed that biological activity under anaerobic conditions tesulted in the production
and release of odor-causing compounds. This is evident by the increased concentration of odor
compounds with time in the buckets under anaerobic conditions and the increase in microbial
population concentrations. However, the test results were inconclusive about whether the
Centridry™ process itself produces odors that are then released in storage. The reason this could
not be shown is because the irradiated sludge was not sterilized. Thus, odots from biological activity
versus odor release from the Centridry™ product were not conclusively determined.

Also, it was hypothesized that Centridry™ causes a transformation in the product cell structure
(lysing), releasing readily biodegradable substrate that causes a spike in biological activity and hence
rapid increase in odors. Results of Bucket 4 (Centridry™!/cake solids mix) ate consistent with this.

Hypothesis 2

Objectionable odots ate the result of anaerobic fermentation (i.e. lack of sufficient electron
acceptors—O2, NO3). Products of anaerobic fermentation ate generally mote odorous than
products of aerobic metabolism.

Comparison of the aerobic Bucket 3 to the odor production for Buckets 1, 2, 4, and 5 show much
higher odor production for sludge held under an anaerobic envitonment.
Hypothesis 3

The Centridry™ process selects for an odor-producing microbial population by inactivating
populations that would normally compete with them.

The results from May 2000 bucket tests tend to disprove this. The cake solids provide the complete
range of microbiota found in digested solids. The fact that this bucket produced some of the worst
odors suggests that even if selection were occurring in the Centridry™ process, cake solids’
microbiology only contributes to the odots, and does not help attenuate them.

Overall Conclusion
Centridry™ product stored aerobically (i.e. with sufficient electron acceptors) will be less odorous

than product stored without sufficient electron acceptors (e.g. in a large unmixed pile), ot product
mixed with dewatered cake solids.
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SECTION 5

ALTERNATIVES DEVELOPMENT

One of the objectives of the Centridty™ Demonstration Project was to acquire operating
experience and develop operating data upon which to base an economic evaluation of full-scale
implementation of Centridry™ at the South Plant. In order to evaluate Centridry™ for full-scale
implementation, King County’s cutrent and potential future beneficial use practices must be
evaluated in the context of the Centridty™ product and its characteristics. Likewise, plant-wide
support systems must be evaluated in tetms of the specific requirements of the Centridry™ process.
Also, in order to understand the relative cost-effectiveness of full-scale implementation of
Centridry™, it must be compared against a “baseline” biosolids dewatering process. For the South
Plant, the baseline is replacing the existing belt filter presses with high speed centrifuges. Thus, four
alternatives for future biosolids management at the South Plant have been developed: two
alternatives based on full-scale implementation of Centridry™ (Centridry™ producing 55 percent
solids dried product); one altetnative based on a partial implementation of Centridry™; and one
alternative based on complete conversion to conventional centrifuge dewatering (production of 25
percent solids dewatered cake).

Each of these alternatives has been developed based on common assumptions of solids production
for South Plant, design criteria and reliability standards for South Plant, and the operating and
maintenance philosophy at South Plant. By necessity, each alternative differs in terms of the
ultimate product produced and the performance of individual systems within each alternative. The
following paragraphs describe each alternative, the sizing criteria for each alternative's life cycle cost
evaluation for operation into the future, and assumptions with respect to performance of individual
alternative components. Alternative development presented in this section forms the basis for the
evaluation of alternatives presented in Section 6.

BASIS OF ALTERNATIVE DEVELOPMENT

Three parameters establish the fundamental basis of alternative development: (1) the "planning
petiod" over which each alternative will be evaluated; (2) future solids production estimates over
that planning period; and (3) the design criteria to be applied to each alternative. Each of these is
discussed in the paragraphs below.

Planning Period for Alternative Evaluation

In meetings with King County Department of Natural Resources (KCDNR) representatives, it was
agreed that a 15-year evaluation period would be utilized for this study.>! This period was selected
because it was believed to be consistent with the observed life expectancy of large and complex
mechanical equipment, in this case centrifuge equipment. Thus, all capital would be amortized over
15 years; likewise, the present worth of annual operations and maintenance costs would be evaluated
over a 15-year petiod.
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In addition, the evaluation will be based on the 15-year petiod extending from 2005 (fitst full year of
operation) through 2019. This assumes the existing belt presses, which went into operation in 1988,
will be replaced in years 2003-2004, which is consistent with the assumption above regarding a 15-
yeat life expectancy for this type of equipment. Also, it is estimated that any major capital
improvement in dewatering at South Plant would take approximately four years to implement
(design through construction and stattup).

Future Solids Production Estimates

Digested solids production estimates for the South Plant wete provided by King County, and are
summatized in Table 5-1. These estimates assume that a third treatment plant is added to the King
County wastewater treatment system and brought on line in 2009. Thus, for this evaluation, solids
production rises through the year 2009, then drops. Therefore, the "design yeat" for this evaluation
is 2009. For digested solids production, these projections assume that digestion efficiency, in terms
of volatile solids reduction, remains at the high levels historically achieved at South Plant.

Table 5-1. Estimated Future South Plant Solids Production (from King County5-2)

Year Average digested solids to Average dgwateted and/or driec! solids to
dewatering, Ib/day dry solids beneficial use, Ib/day dry solids (a)
2005 91,318 86,752
2006 92,417 87,796
2007 93,516 88,840
2008 94,615 89,884
2009 95,715 (b) 90,929
2010 92,087 87,483
2011 93,275 88,611
2012 94,463 89,740
2013 95,650 90,868
2014 95,171 90,412
2015 94,691 89,956
2016 94,212 89,501
2017 93,732 89,045
2018 93,253 88,590
2019 92,774 88,135

(@) Dewatered and/or dried biosolids assumed.
(b) Design year for sizing centrifuge dewatering and Centridry™ drying systems.

Solids Stabilization

For this evaluation, all alternatives assume that raw solids produced at South Plant will be stabilized
to Class B solids through high-rate mesophilic anaerobic digestion in the existing four 100-foot
diameter digesters (plus the blending/storage tank). No changes to the digestion process are
anticipated for purposes of this evaluation. Consequently, digestion performance is assumed to
remain similar to the 55-60 percent volatile solids reduction currently achieved. Likewise, the
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characteristics of the digested solids will also remain similar to current charactetistics (total solids in
digested sludge typically range between 2.8 and 3.2 percent; total volatile solids typically range
between 63 and 68 percent volatile solids).

Design Criteria

Historically, critical unit processes at South Plant have been designed based on the criterion that the
facilities must have the capacity to process the maximum anticipated loadings while one unit is out
of service. Alternatives for this evaluation have been developed consistent with this criterion.

The maximum loading condition assumed for this evaluation is maximum week during the design
year of 2009. Maximum week was selected rather than maximum day, to account for South Plant’s
on-line digested solids storage capacity in the blending/storage tank and in floating cover travel in
the digesters themselves. Recent solids production peaking factor evaluations by King County yield
a maximum week peaking factor of 1.43, and a maximum week digested solids production of
137,000 dry pounds per day to dewatering in the design yeat.>-3

Average and peak digested solids production, in terms of both dty solids and liquid flow rate, are
shown in Table 5-2.

Table 5-2. Summary of Peak Digested Solids Production in Design Year (2009)

Condition Digested solids to dewatering, Ib/day Liquid flow rate from digestets, gpm (b)
Average annual 95,715 280
Peak 3-week (a) 125,387 366
Peak week (a) 136,872 400
Peak day (a) 156,015 456

(a) Peaking factor applied to average annual solids production, and includes additional base solids production
observed during winter months.
(b) Liquid flows assume 2.85 percent solids in digested sludge.

Each alternative is sized to accommodate the design year maximum week solids production with
some percentage of processing units out of service. As explained above, this is consistent with the
basic design criteria at South Plant, including solids processing. For example, dissolved air flotation
thickening is designed to accommodate maximum loads with one 65-foot diameter thickener out of
service (one thickener represents 20.5 percent of total installed capacity); likewise, the cutrent
digestion process is designed to accommodate maximum loads with one digester (25 percent of total
capacity) out of service. Based on this, each dewatering alternative will be developed on critetia of
including at least 20 percent standby capacity during design year peak week solids production.

Finally, each altetnative will be developed on the basis of 24-hour per day, 7-day per week operation.
This is consistent with the current dewateting process operation at South Plant.
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Centridry™ Product Odor Control

As explained in Section 4, evaluation of the Centridry™ product in a series of bucket tests
demonstrated that providing aeration during storage would dramatically reduce the release of
odorous compounds. The mechanism for this reduction in odors is believed to be associated with
maintenance of ambient temperatures and / ot aerobic conditions. Delivery of low odor
Centridty™ product would therefore require aeration from the time of production to delivery at the
utilization site. Aetration during storage and transport can be provided with modification of the long
haul biosolids truck trailers.

The air requirement for the trailer modification is based on experience during the bin testing of the
composting product (see Appendix C-1). An aeration rate of 250 scfm per trailer or 500 cfm per
combination would be able to maintain the desired conditions. A fan with a 3 hp motor can provide
this air flow with 12 inches of water column pressure. The power source for the fan could be either
the tractor engine or an independent gas or diesel driven engine. A small dedicated engine is the
preferred power source because it provides ait to product in the trailer without running the tractor
engine. Thermo-King and Carrier manufacture refrigeration units for long haul trailers that use the
small dedicated engine approach.

Use of commercially available truck mounted refrigeration units for aeration was evaluated. These
units are not suitable because of the configuration of the existing truck fleet. It appears likely that
custom fabricated fan units modeled after the commercial refrigeration units would be required.

The estimated cost of these fabricated units based on the cost of the commercial units is $20,000 per
truck. This would include a small gas or diesel engine, a fan, piping to the trailers, and a carbon
canister for odor control. In addition, the trailer would need to be modified by adding a plenum to
uniformly pull air through the material. The fan would then discharge through the carbon canister.
Modification of the trailer is estimated at $10,000 per tractor and trailer combination. Thus, the
total cost of modifying the biosolids truck trailers is approximately $30,000 per unit. It is estimated
that the annual operation and maintenance cost for operating these aeration units would be less than
$2,500 per year. The trailer aeration system design is based on information developed in pilot
testing, and the system would be new and innovative. It is therefore recommended that a
demonstration unit be installed on one trailer combination and tested as the first phase of
implementation. Refinements to the system, with follow-on demonstration testing, may be required
to develop a fully functional and reliable system.

DESCRIPTION OF ALTERNATIVES

Four primary alternatives for biosolids processing have been developed for evaluation. All
alternatives include replacing the existing belt presses. To the extent practical, each alternative is
based on common assumptions in order to yield an "apples-to-apples" comparison. Howevet, each
alternative also reflects a different philosophy for managing biosolids from the South Plant.
Alternatives are as follows:
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Alternative 0:  All centrifuges producing Class B dewatered cake at 25 percent solids
Alternative 1:  All Centridty™, producing Class B dried product at 55 petcent solids

Alternative 2:  All Centridry™, followed by on-site composting, producing Class A dtied
product at 55 percent solids

Alternative 3: Dewatering using centrifuges, plus drying using Centridry™, with
approximately 2/3 production as Class B dewatered cake at 25 percent solids,
and 1/3 production as Class B dtied product at 55 percent solids

In developing these alternatives it is recognized that the cost-effectiveness of each alternative would
be heavily influenced by the end use of the product. Therefore, sub-alternatives have been
developed for each of the Centridry™ alternatives (1, 2, and 3), which reflect various biosolids
beneficial-use options for the Centridry™ product. For Class B Centridry™ product (Alternatives 1
and 3), beneficial-use alternatives are as follows:

Sub-alternative A: 100 percent to eastern Washington agticulture.

Sub-alternative B: 50 percent to eastern Washington agticultute; 50 petcent to contract
composting.

Sub-alternative C: 80 percent to eastern Washington agticulture, 20 petcent to
silviculture.

For Class A composted Centridty™ product (Alternative 2), beneficial use alternatives are as
follows:

Sub-alternative D:  King County pays contractot to haul and distribute for beneficial use.
Sub-alternative E:  Pick-up product by user, no cost to King County.

Sub-alternative F:  Pick-up product by uset, at a purchase price; i.e. tevenue to King
County.

The paragraphs below summarize the features of each alternative and the biosolids management
philosophy reflected in each. Table 5-3 provides a summaty of each alternative; the alternatives are
depicted schematically on Figures 5-1, 5-2, 5-3, and 5-4. For Alternatives 1, 2, and 3, specific
features of the proposed Centridry™ systems are as provided by Baker Process; see letter of
October 3, 2001, from Brian Lent, Bitd Machine Company, included as Appendix J.
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Figure 5-4. Schematic of Alternative 3,
Centrifuge Dewatering and Centridry Drying
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Alternative 0: All Centrifuge Dewatering, Producing Class B Dewatered Cake
at 25 Percent Solids

As mentioned pteviously, the existing belt presses at the South Plant are approaching the end of
their useful life. Consequently, King County has decided to ptoceed with replacing the belt presses
with high solids centrifuges. Preliminary design for this replacement is proceeding concurrently with
the completion of this Centridry™ Demonstration Project report.

It is anticipated that three high solids centrifuges will be required to meet the design requirements
for the South Plant. Each will be nominally rated for 200 gallons per minute (gpm) liquid
throughput, and 3,000 pounds per hour solids throughput (assuming three percent total solids
concentration in the liquid digested sludge).

To avoid awkward construction sequencing impacts, two of the three new centrifuges will be located
in 2 new extension of the Dewatering Building. This will allow these new centrifuges to be installed
and commissioned prior to demolishing the existing belt presses. The truck loading bay will also be
extended to facilitate the longer trucks cuttrently used by King County. Other modifications to the
Dewatering Building to accommodate centtifuges include new centrifuge feed pumps, new polymer
feed pumps (existing polymer storage, dilution, and mixing facilities are assumed to be adequate for
the centrifuges, but this must be vetified during detailed design), new digested sludge conveyers,
new overhead crane for maintenance, and miscellaneous structural, electrical (includes upsized
transformers and cables serving the building), and control modifications to support this new
process. It is anticipated that some structural modifications to the existing Dewateting Building will
be required to accommodate the new centtifuges. Odor control will continue to be achieved via the
two-stage process currently serving the Dewatering Building: chemical scrubbets followed by
activated catbon. The modified Dewatering Building, including the new centrifuges, is depicted in
Figure 5-5.

The centrifuges are expected to produce dewatered cake with 25 percent total solids. This is based
on the results of pilot tests conducted by three centrifuge suppliers, Andritz, Alpha-Laval, and
Westfalia, during the summer of 2001. This is substantially “drier” than the cutrent belt press
dewatered cake, which typically ranges between 17 and 19 percent total solids. Though higher in
solids content, the centrifuge dewatered cake is expected to be similar to the belt press cake in terms
of consistency, odot, and general appearance. Consequently, it is expected that the centrifuge
dewatered cake will be compatible with the same beneficial-use markets as the belt press dewatered
cake. These include agticulture land application in eastern Washington (wheat and hops),
silvicultute land application in the Cascade mountains, and composting to Class A and subsequent
marketing by a commetcial contractor, GroCo. Currently, biosolids from the South Plant are sent to
these beneficial uses in the following approximate petcentages:

Cutrent percent of

Market South Plant biosolids production>#
Eastern Washington agriculture 49
Silviculture 44
Composting 7
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5-10 Centridry™ Report

Recent discussions with King County Biosolids Management Group staff indicate that after the year
2005, more biosolids will go to agticultural use, rather than silviculture. The expected percentage
distribution for South Plant biosolids following 2005 is shown below:

Projected South Plant biosolids

Market production after 200554
Eastern Washington agriculture 81
Silviculture 12
Composting 7

This alternative assumes that the post-2005 percentages stay the same over the planning period.
Haul and application costs for centrifuge dewatered cake will be based on the wet ton unit costs
currently seen by King County. Existing biosolids haul trucks would be used for hauling biosolids
to beneficial-use sites.

Alternative 1: All Centridry™ Dewatering Producing Class B Dried Product
at 55 Percent Solids

In this alternative, existing belt presses will be replaced with three complete Centridry™ systems,
including centrifuge, hot air generator, cyclone air/product separator with rotary valve and
conveyot, recirculation fan, Venturi scrubber with fan and water pump, waste air discharge stack,
and control panel. In addition, each Centridry™ train will be designed to be converted to
conventional dewatering if needed.

The three Centridry™ systems will be capable of meeting the design year maximum week digested
sludge production rate. Under average conditions, only two Centridry™ trains will be required to be
operated. If, during a petiod of solids production higher than average, and one Centridry™ system
is not available, then one of the two remaining Centridry™ systems can be temporarily converted to
conventional dewatering. It is assumed that a dewatering centrifuge will have more capacity than a
Centridry™ system. This is because a Centridry™ centrifuge must optimize dewatering in order for
the drying component of the process to work. A centrifuge, on the other hand, does not have this
limitation. Thetefore, capacity may be increased, at the expense of wetter cake solids.

Related support systems were evaluated as part of this alternative analysis:

. All the new Centridry™ and centrifuge equipment would be located within the
existing Dewatering Building structure, with the exception of the cyclones, which
would be located immediately outside the south wall of the truck loading bay.

Architectural treatment would be provided to screen the cyclones from 7th Avenue
and Oaksdale Avenue.

. The Dewatering Building structure was evaluated based on loads (static and
dynamic) imposed by the centrifuges and related Centridry™ equipment (as
provided by Humboldt). Based on a very brief evaluation, it is concluded that some
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Figure 5-5
Alternative 0
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Section 5: Alternatives Development 5-11

significant structural modifications will be required in order to accommodate the
projected loads, and to comply with recent revisions of the Uniform Building Code.
(See Appendix G).

. Existing polymer storage, dilution, and mixing systems would be retained; new
polymer feed pumps would be provided with each Centridry™!/centrifuge
dewatering train.

° New digested solids feed pumps would be provided with each new Centridry™
centrifuge train.

. A new, and higher capacity, electrical power service would be required to setve the
Centridry™ and centrifuge systems. This would include a new motor control center
and switchgear room.

. Exhaust ventilation air from the Dewatering Building would be routed through the
existing carbon tower for odor control. The existing packed bed chemical scrubbers
will not be utilized; this is based on the relatively low level of odots observed from
the Demonstration Project operation with Venturi and packed bed scrubbets
provided with the Centridry™ system. It is anticipated that adequate odor control
can be achieved by carbon adsorption by itself.

[ Each of the three Centridry™ systems would be provided with the flexibility to
produce dewatered cake (25 percent solids), but this feature would only be used for
process optimization of the Centridry™ product.

o Digester gas, with natural gas or propane backup, must be conveyed to the
Dewatering Building to provide fuel for the hot gas generators in each drying train.

One possible layout of Centridry™ system components within the Dewatering Building is depicted
in Figure 5-6.

Obviously, the Centridry™ product has different characteristics than dewatered cake.
Consequently, the disposition of this product within King County’s beneficial-use programs will
likely vary from dewatered cake. At this time, without more experience in utilizing Centridry™
product at beneficial-use sites, it is not possible to predict with accutacy what the mix of beneficial
uses for this product might be. Therefore, a range of beneficial-use options has been developed as
sub-alternatives. These are described below.

Sub-alternative 1A: 100 Percent to Eastern Washington Agticultute. This sub-
alternative assumes that all Centridry™ product will be hauled to cutrent, or possibly new,
agricultural beneficial-use sites in eastern Washington. To avoid cteating nuisance odors,
Centridry™ product will be hauled in existing biosolids trucks, modified to provide aeration of the
product throughout its trip to the beneficial-use site, as explained above.

Sub-alternative 1B: 50 Percent to Eastern Washington Agticultute; 50 Percent to
Contract Composting. This alternative reflects the potential attractiveness of the Centridry™
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product in the contract composting operation. Splitting the production between eastern
Washington agticulture and composting reflects the need and/or desire to maintain markets for
biosolids with current agricultural users. Again, Centridry™ product would be transported in
existing biosolids trucks outfitted with on-board aeration.

Sub-alternative 1C: 80 Percent to Eastern Washington Agriculture; 20 Percent to
Silviculture. This alternative reflects the potential for using Centridry™ product in silviculture
applications. Experience with Centridry™ product in this application demonstrated some problems
with applying Centridry™ product to forest land. Therefore, only 20 percent of the South Plant’s
production has been allocated to this market. Centridty™ product would be hauled to either
application site in modified biosolids trucks, similar to Sub-alternatives A and B.

Alternative 2: All Centridry™ Followed by Composting, Providing Class A Dried Product
at 55 Percent Solids

From a dewatering/drying perspective, this alternative is identical to Alternative 1—the existing belt
presses will be replaced with three Centridry™ trains. The proposed layout within the Dewatering
Building is also identical, as shown in Figure 5-6. The significant difference between this alternative
and Alternative 1 is in the further treatment of the Centridry™ product, and the resulting beneficial-
use markets. Specifically, all Centridry™ would be composted to Class A standatds. For purposes
of developing this alternative, it is assumed that the composting facility would be located on the
South Plant Site.

The composting system proposed for this evaluation is desctibed in Appendix C-1. The key
features of the system are desctibed below.

. Compost process: Aerated static pile composting of straight Centtidry™ product,
without bulking agent. The composting facility has been sized to compost the
Centridry™ product for 21 days. This is long enough to comply with pathogen and
vector attraction reduction requirements. The product will be mote stable after
composting but will not be a mature compost product. The intended users of this
material are topsoil and organic product manufacturers that will blend the
Centridry™ compost with other materials to produce high value products. Itis
expected that the composted Centridry™ product would be disttibuted through
contractors that have been competitively s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>